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Summary. - Elastic e-d scattering is studied employing the 

meson-theoretical Paris potential and the non-local separable 

Graz-II potential. Electric and magnetic form*factors are 

calculated with inclusion of meson-exchange currents and com

pared to existing experimental-data. Deuteron vector and tensor 

polarizations are predicted and discussed in relation to the 

deuteron wave functions of the potential models considered. 

Thereby the off-shell behaviour of the Graz-II interaction is 

found to be close to that one of the Paris potential over the 

most important domain of low and moderate off-shell momenta. 
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Off-shell characteristics of the N-N interaction have attracted 
increasing attention over the last few years. As far as the 
theory about N-N dynamics is concerned, the interest is 
mainly due to the impact of quark models, which differ from 
predictions of boson-exchange models notably in their off-shell 
behaviour; consequently one would like to know about corresponding 
Implications in various nuclear aspects. On the other hand 
careful experimental studies of few-nucleon systems together 
with elaborate theoretical calculations revealed considerable 
off-shell sensitivities. The game is most exciting with respect 
to the deuteron wave function. In this connection we mention 
a few issues, which among others have recently become important: 
i) The long-range part of the deuteron wave function now seems 

to be determined rather safely both from experimental data 
and theoretical consideration 

11) A strong correlation has been established between details 
of the deuteron wave function and w-d scattering observables 
do/dß and t 2 Q

2 ) . 
ill) A striking sensitivity on off-shell effects through the 

deuteron wave function has been detected in p-d and r.-d polari-3» zation observables '. 
lv) Electromagnetic form factors of the deuteron as well as of 

trinucleon bound states depend strongly on the properties of 
the deuteron wave function . 
Thus it has become evident that studies of the nuclear and 

electromagnetic properties of few-nucleon systems must be performed 
with N-N interaction models, which do not only reproduce on-shell 
data correctly but also yield a realistic off-shell behaviour. 
This demand was often disregarded in the past above all, when 
separable potentials were employed % ) . 
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In order to allow realistic features of the N-N interaction 
to be introduced into few-body calculations the Graz group 
constructed a refined separable potential (GRAZ II), which 
is not only in agreement with N-N data but also closely 
resembles features of meson-exchange models . Above all 
with respect to the deuteron wave function a result was 
achieved such that the properties of the PARIS potential 
are well approximated at least at small and moderate relative 
momenta 0 <. p £ 6 fm" . What seems to be most important , 
the S-state wave function has a zero in momentum representation 
at a position, which is unequivocally indicated by field-theore
tical models. Still the GRAZ-II potential is of a relatively 
simple form so that it is quite applicable in modern Faddeev 
codes. 

In this work we treat with deuteron form factors and e-d 
observables for the GRAZ-II and PARIS potentials. For both 
models we check on the reproduction of corresponding experimental 

2 2 data, namely, the form factors A(g ) and B(q )/ furthermore 
we give a comparison of their deuteron vector as well as tensor 
polarizations (T... resp. T««). The calculations were performed 
with inclusion of pair-meson exchange-current corrections 

9) like in the work by Haftel et al . Moreover, following the 
study of Schwarz et al. , we used the "best fit" charge form 
factor of the neutron as proposed by Lomon and discussed 
by Arnold et al. 1 2* rather than setting it zero. For the 
proton a dipole charge form factor was taken. The nucleon 
magnetic form factors were obtained from the scaling law 
like in ref. 1 0 ). 

In Fig.1 we. have displayed the results for the electric form 
factor A(q 2). Both the PARIS and GRAZ-II potentials agree 
well with experimental data; the latter one even seems to do 
better at higher momentum transfers. Also for the magnetic 
form factor B(q ) agreement with existing data is observed 
(Fig.2). 
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For polarisation observables no experimental data are 1 

available till now. We can only compare the models between 

themselves. The vector polarization T.. is shown in Fig. 3. 
-1 At about q • 3 f• the GRAZ-II potential begins to deviate 

from PARIS as a consequence of differences in the dc-Jteron 
wave function around the first minimum of $ (p). The sane 
is true with the tensor polarization T 2 Q (Fig.4). Still 
the GRAZ-II potential yields by far more reasonable results | 

r 

than earlier separable models. For instance, the GRA^-I 
22) potential , which can be considered as a representative 

for usual separable-potential behaviour, «rave T^ (̂ j vith j 
-1 • -1 

a minimum at q £ 4.5 fm and a zero only at q : 9 fr. 
(Ref.9). From the comparison between GRAZ II and PAHIS in t 
Figs.3 and 4 one observes that both vector and tenner .< 
polarizations can serve as a sensitive tool to check on the Ü 
very details of the deuteron wave function; this is in accordance ^ 
with earlier findings (see e.g. Refs.9 and 12). Thus one can expect j 
corresponding experiments, which are presently in progress at \ 
MIT to provide a decisive information about the dcuteron wave | 
function. 

With respect to the GRAZ-II separable potential we can 
state that it comes off as quite reasonable a description 
of the M-N interaction also with regard to its off-she11 
characteristics . Therefore it is likely to provide a reliable 
input for few-body calculations. 

This work was supported by Fonds zur Förderung der Wissen
schaftlichen Forschung in Österreich, project 4138. 
The calculations were performed at the Rechenzentrum Graz. 

I 



References and footnotes 

1) See e.g.: I. Borbely, w. Grüebler, v. König, P.A. Schmelz-
bach, and B. Jennyx Phys. Lett., 109B, 262 (1982); T.E.O. 
Ericson and M. Rosa-Clot: Phya. Lett., 110B, 198 (1982); 
M.W. Kermode, L.J. Allen, and J.P. HcTavish: J. Phy»., G8, 
L71 (1982); S. Klarsfeld, J. Martorell, and D.W.L. Sprung: 
Nucl. Phy«.. A352 (1981); R.P. Goddard and L.D. Knut»on: 
Phys. Lett., 118B. 241 (1982); J.T. Londergan, C.B. Price, 
and E.J. Stephenson: Phys. Lett., 120B» 270 (1983). _ 

2) G.H.Lamot, N.Giraud, and C.Fayard: Nuovo CI»., A57, 445 (1980); 
N.Giraud,!C.Fayard, and G.H.Lamot: Phys .Rev.,C21_, 1959 (1980). 

3) F. Sperisen, W. Grüebler, V. König, P.A. Schmelzbach, B. 
Jenny, K. Elsener, C. Schweizer, J. Ulbricht, and P. Dole-
schall: Phys. Lett., 102B, 9 (1981); P. Doleschall, W. 
Grüebler, V. König, P.A. Schmelzbach, F. Sperisen, and B. 
Jenny: Nucl. Phys., A380, 72 (1982); Y. Koike, Y. Taniguchi, 
M. Sawada, and J. Sanada: Prog. Theor. Phys., 66, 1899 (1981); 
Y. Koike and Y. Taniguchi: Phys. Lett., 118B. 248 (1982); 
R. Schmelzer, B. Kuiper, M.Schöberl, S. Berber, H. Hilmert, 
R. Koppel, R. Pferdmenges, and H. Zankel: Phys. Lett., 120B, 
297 (1983). .. 

4) L.Mathelitsch and H.F.K.Zingl: Nuovo Cim., 44A, 81 (1978); M.I. 
Haftel: Phys.Rev., C M , 698 (1976); N.I.Haftel and W.M.Kloet, 
ibid., 15, 404 (1977). 

*) As realistic off-shell behaviour could be considered what 
is provided by meson-exchange models, the Bonn or Paris 
potentials, say. Except for higher off-shell momenta (small 
internucleon separations) these models do not differ very much 
among each other. Phenomenological separable potentials, 
on the contrary, usually produced off-shell properties, which 
deviated over the whole domain from the aforementioned 
models. See e.g. Ref. 5. 

5) W. Plessas: Acta Phys. Austr., U, 305 (1982). 
6) L.Mathelitsch, W.Plessas, and W.Schwelger: Phys.Rev., C26, 

65 (1982). 
7) M.Lacombe, B.Loiseau, J.N.Richard, R.Vinh Mau, J.C8te, 

P.Pire's, and R.de Tourreil: Phys.Rev..C21, 861 (1980). 
8) M.Gari and H.Hyuga: Nucl.Phys., A264, 409 (1976); ibid., 

A274, 333 (1976); Z.Phys., A277, 291 (1976). 

-•-quin I H M i\mmmm*mmmt***mmmm*i'm 



980)} 

'80). 

Di 

H.I. 

oet, 

much 

hich 

9) B.I.Haftel, L.Mathelitsch, and H.F.K.Zingl: Phys.Rev..C22# 

. 12B5 (1980). 

10) K.Schwarz, H.F.K.Zingl, and L.Mathelitsch: Univ.Grast Preprint 

ÜTP-08/82. 

11) E.Lomon: Ann.Phys., _m, 309 (1980). 

12) R.G.Arnold, C.E.Carlson, and F.Gross: Phys.Rev.. C21. 1426 

(1981); ibid., C23. 363 (1981). 

13) D.J.Drickey and L.M.Hand: Phys.Rev.Lett., 9, 521 (1962). 

14) E.F.Ericksont in Mucleon Structure, ed. by R.Hofstadter and 

L.I.Schiff (Stanford, 1964). 

15) C.D.Buchanan and M.R.Yeariant Phys.Rev.Lett., ̂ 5, 303 (1965). 

16) D.Benaksas, D.Drickey, and D.Frdrejacque: Phys.Rev., 148. 

1327 (1966). 

17) B.GrossetSte, D.Drickey, and P.Lehmanns Phys.Rev.» 141, 1425 

(1966). 

18) J.E.Elias, J.I.Friedman, G.C.Hartmann, H.W.Kendall, P.K.Kirk, 

M.R.Sogard, and L.P.vanSpeybroeck: Phys.Rev., 177, 2075 (1969). 

19) S.Geister, H.Klein, J.Moritz, K.H.Schmidt, D.Wegener, 

and J.Bleckwenns Nucl.Phys., B32:, 221 (1971). 

20) D.Ganichot, B.Grossetite, and D.B.Isabelle: Nucl.Phys., AI78, 

545 (1971). 

21) F.Martin, R.G.Arnold, B.T.Chertok, E.B.Daily, A.Grigorian, 

C.L.Jordan, W.P.Schütz, R.Zdarko, and B.A.Kecking: Phys.Rev. 

Lett., 38, 1320 (1977). 

22) L.£repinsek, H.Oberhummer, W.Plessas, and H.F.K.Zingl: Acta 

Phys.Austr., 39, 345 (1974); L.c'repins'ek, C.B.Lang, H.Ober-

humner, W.Plessas, and H.F.K.Zingl: ibid., 42, 139, (1375); 

H.Oberhummer, L.£repinsek, W.Plessas, and H.F.K.Zingl: ibid., 

±2,225 (1975). 

*'For completeness we note that the p-p part of the CRAZ-II 

separable potential, which was developed in the same spirit 

and with rigorous inclusion of Coulomb corrections can be found 

in Ref. 23. See also Ref.5. 

23) W. Schweiger, W. Plessas, H. van Haeringcn, and L.P. Kok: 

Phys. Rev. C, to appaar. 

i 

i 

*mmv*im*^m*mfmmmmmmim'm*im wn«m myywwp» n y w w ' n t p««r-,!f«ii I»'*-« 



CM 
CT 

10 rS 

PARIS *80 
GRAZ H 

10 15 20 
q2(fm"2) 

25 30 35 

Fig. 1» Electric form factor A(q ) for elastic e-d scattering. 
13) 

Experimental data are taken from Drickeyet al. '(O)i 
Erickson14) (*), Buchanan et al. 1 5' (•), Benakaas 
et al. 1 6 ) (0), Grossettte et al. 1 7 > (I), Eliaa at al. 1 8 )(A), and Galster et al. 19) (x). 
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Fig. 2t Magnetic for» factor B(q') for elastic e-d scattering. 
Experimental data are taken from Buchanan et al. (e), 
Canichot et a l . 2 0 ) (v), and Martin et a l . 2 1 ) (T). 
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Fig. 4t Tansor polarization T20 at 6-40° for elastic e-d scattering. 


